The naturally occurring plasmid ColE1 was found to localize as a cluster in one or both of the cell poles of Escherichia coli. In addition to the polar localization of ColE1 in most cells, movement of the plasmid to the midcell position was observed in time-lapse studies. ColE1 could be displaced from its polar location by the p15A replicon, pBAD33, but not by plasmid RK2. The displacement of ColE1 by pBAD33 resulted in an almost random positioning of ColE1 foci in the cell and also in a loss of segregational stability, as evidenced by the large number of cells carrying pBAD33 with no visible ColE1 focus and as confirmed by ColE1 stability studies. The addition of the active partitioning systems of the F plasmid (sopABC) or RK2 (O B1 incC korB) resulted in movement of the ColE1 replicon from the cell pole to within the nucleoid region. This repositioning did not result in destabilization but did result in an increase in the number of plasmid foci, most likely due to partial declustering. These results are consistent with the importance of par regions to the localization of plasmids to specific regions of the cell and demonstrate both localization and dynamic movement for a naturally occurring plasmid that does not encode a replication initiation protein or a partitioning system that is required for plasmid stability.
Recent studies using fluorescent in situ hybridization (FISH) of plasmids in fixed cells or tagging of plasmids with a fluorescent protein in living cells have shown that these extrachromosomal elements exist in bacterial cells as discrete clusters at specific cellular locations. In Escherichia coli, low-copy-number plasmids such as F (13, 33) , P1 (13) , and R27 (24) were located at quarter-or midcell positions, while R1 (18) was localized near the cell pole. The first suggestion that multicopy plasmids also occurred as clusters in distinct cellular locations was provided by a study in which DAPI (4Ј,6Ј-diamidino-2-phenylindole) was used to stain a high-copy-number derivative of the plasmid R100 or a derivative of pBR322 (7) . In this study, the R100 derivative was evenly spaced throughout the cell (which formed elongated cells or filaments due to the cultural conditions used), while the pBR322 derivative was localized to the cell poles (7) . The localization of a multicopy plasmid by tagging with a fluorescent protein was reported in a study using plasmid RK2 (37) . This naturally occurring broad-host-range plasmid was found as a cluster at midcell and quarter-cell positions in several gram-negative bacteria. In that same study, plasmid pAFS52, a derivative of the commonly used high-copynumber cloning vector pUC19, was also found as discrete foci in E. coli at either the midcell position in those cells with only one focus or at quarter positions in cells with two foci (37) .
It has been a basic tenet of plasmid biology that intermediate-or high-copy-number plasmids do not require an active partitioning (par) system for stable maintenance, as random distribution is sufficient to ensure segregation of plasmid molecules to the two daughters at the time of cell division. However, the clustering of plasmids would seem to act against random distribution, particularly because, for all plasmids studied, the number of plasmid clusters is always less than the number of plasmid copies per cell (14, 37, 47) . Some moderatecopy-number plasmids such as RK2, with a copy number of ϳ5 to 8 per chromosome, do encode an active partitioning system, while for others, such as ColE1 with an estimated 10 to 15 copies per chromosome (6) , there is no evidence for an active partitioning system. The purpose of this study was to determine the location inside E. coli cells of ColE1, a naturally occurring 6.6-kb, intermediate-copy-number plasmid. ColE1 replication utilizes host proteins, including PolI, but does not require a plasmid-encoded protein (4, 5, 22, 44) . Stable maintenance of ColE1 in E. coli is dependent on a multimer resolution system consisting of host-encoded proteins acting at the plasmid carried cer site (43) .
By using a fluorescent fusion protein to tag plasmid molecules, ColE1 was found to be stably maintained as a cluster located in one or both of the cell's poles. ColE1 was displaced from its polar location by the presence of plasmid pBAD33 in the same cell. The presence of pBAD33 in the cell also caused ColE1 instability. The addition of the partitioning system of the F plasmid to ColE1 increased ColE1 plasmid stability in the presence of pBAD33, while the addition of an RK2 par region did not. Notably, the presence of either par system on ColE1-tetO resulted in the movement of the ColE1 derivative from the cell pole into the nucleoid.
MATERIALS AND METHODS
Bacterial strains and plasmids. E. coli strain MG1655 (2) or a derivative, MGTRY (C. Verheust, unpublished data), was used as the bacterial host. MGTRY expresses a TetR-enhanced yellow fluorescent protein (EYFP) fusion protein from the chromosome under control of the arabinose-inducible P BAD promoter.
Plasmids used in this study are listed in Table 1 . As ColE1 has no selectable marker, the aphAI gene encoding kanamycin resistance was isolated as an EcoRI fragment from plasmid pUC4K (45) and inserted into the unique EcoRI site of ColE1, yielding plasmid pSY1. The EcoRI site in ColE1 is located at the 3Ј end of the gene encoding the colicin E1 protein.
To construct plasmid pAS2, a PvuII fragment containing a Gm r -tetO operator array was isolated from pLAU44, a derivative of pUC18 with an ϳ 9-kb DNA insert consisting of a stable genetic array of 120 copies of the 19-bp tetO binding site separated by 10-bp random spacer sequence flanking either side of a gene encoding gentamicin (Gm) resistance (23) . The ϳ9.3-kb PvuII fragment was inserted into EcoRV-digested pSY1. pSY1 has two EcoRV sites ϳ1 kb apart, both located in the gene encoding the colicin E1 protein.
Derivatives of pAS2 carrying the partitioning region either of the F plasmid or of RK2 were constructed as follows. An ϳ3.7-kb XbaI-HindIII fragment from pRR53 (38) containing sopABC from plasmid F was inserted into XbaI-HindIIIdigested pAS2, yielding pAS4. pAS6 has O B1 incC korB of RK2 isolated as a HindIII-PvuII fragment from pCV126 cloned into HindIII-SmaI digested pAS2. pCV126 (C. Verheust, unpublished data) is pUC19 with O B1 incC korB isolated from a derivative of pRK214.1 (9) . pFX234 carries the gene for expression of a TetR-EYFP fusion protein (23) . This plasmid is derived from pBAD24, a ColE1-based replicon. The gene encoding the fusion protein was transferred to p15A-based pBAD33 as follows. Plasmids pFX234 and pBAD33 were digested with MluI and HindIII. MluI has a unique site, between araC and P BAD , in both pBAD24 (the vector for pFX234) and pBAD33. HindIII is unique in pBAD33 and pFX234. In pFX234 the HindIII site is after the stop codon for the fusion protein. The desired fragments were isolated and ligated to yield plasmid pCV234, which is ϳ6 kb in size and encodes chloramphenicol resistance (C. Verheust, unpublished data).
Plasmid localization studies. For localization of tetO-containing plasmids tagged by TetR-EYFP in E. coli MGTRY, cultures were grown overnight in LB with 10 g/ml Gm at 30°C. The culture was then diluted 1:100 into M63 with 0.2% glycerol and 10 g/ml Gm and incubated at 30°C with aeration to an absorbance at 600 nm of 0.1 over the inoculum. TetR-EYFP expression was then induced by adding L-arabinose to a final concentration of 0.6%. Aliquots of the culture were examined at various time points by fluorescence microscopy. Foci typically became visible ϳ1 h after induction of TetR-EYFP. Where indicated, 200 g/ml cephalexin was added after dilution of the overnight culture. Localization of pAS2 in E. coli MGTRY in the presence of RK2 or pBAD33 was carried out as described above except for the inclusion of 100 g/ml ampicillin or 20 g/ml chloramphenicol, respectively, in all media.
For localization of tetO-containing plasmids in E. coli strain MG1655 expressing TetR-EYFP from plasmid pCV234, cultures were grown overnight in LB supplemented with 0.2% glucose (which is essential to suppress expression of the EYFP-TetR protein from the P BAD promoter present on the moderate-copynumber plasmid pCV234 as opposed to the chromosome in MGTRY), 10 g/ml Gm, and 20 g/ml chloramphenicol, followed by 1:10 dilution into M63 containing 0.2% glycerol, 10 g/ml Gm, and 20 g/ml chloramphenicol the next morning. Approximately 1.5 h after inoculation, L-arabinose was added to a final concentration of 0.2%. Starting at 20 min after induction of TetR-EYFP, aliquots of the culture were examined by fluorescence microscopy.
Foci were visualized with a BX60 fluorescence microscope (Olympus), and images were captured with a C-5050 digital camera (Olympus). For visualization of nucleoids, 10 l of cells stained with 5 g/ml DAPI was added to slides without fixation. Cells and foci were measured using ImageJ public-domain software available through the National Institutes of Health. For the purposes of this study, polar location was defined as from 0 to 0.2 cell length, quarter-cell location as from 0.2 to 0.4 cell length, and midcell location as from 0.4 to 0.5 cell length in every case that focus location was measured.
For time-lapse microscopy, overnight cultures were diluted 1:100 in 20 ml M63 containing 0.2% glycerol and 10 g/ml Gm. Cells were incubated at 30°C with aeration for 3 h before addition of L-arabinose to a final concentration of 0.6%. When foci were visible, ϳ1 h later, an aliquot of the culture was concentrated 20ϫ, and 10 l was placed on an agarose slab (0.8% agarose prepared in M63 containing 0.2% glycerol and 0.6% L-arabinose) and observed at 15-min intervals for up to 4 h at 30°C (27, 28, 37) .
Stability assays. To assay the stability of plasmid pAS2 or pAS4 in E. coli MG1655 and of pAS6 in E. coli MGTRY, colonies were picked from a fresh overnight plate of LB with 10 g/ml Gm, resuspended in 5 ml LB broth with 10 g/ml Gm, and then incubated overnight with shaking at 30°C. At time zero, 50 l of the stationary-phase culture was transferred to 5 ml M63 with 0.2% glycerol without Gm, and incubation with shaking was continued. The culture was similarly diluted at 24 h. At 0, 8, 24, and 48 h, an aliquot of the cultures was diluted and plated on LB agar. After overnight incubation at 30°C, 100 colonies from the LB plate were patched to LB with 10 g/ml Gm and to LB to determine the percentage of cells still maintaining Gm resistance.
The stability of pAS2, pAS4, and pAS6 in the presence of pBAD33 or RK2 was similarly assayed except that either 20 g/ml chloramphenicol for pBAD33 or 100 g/ml ampicillin for RK2 was added to all liquid cultures in LB or M63 with 0.2% glycerol.
RESULTS

Localization of ColE1-tetO.
A reporter system consisting of a TetR-EYFP fusion protein and an array of repeating units of the tetO binding site was used to localize plasmid ColE1 in E. coli cells. A derivative of ColE1 containing an ϳ9.3 kb insert with an array of ϳ240 tetO binding sites was constructed. This plasmid, pAS2, was transformed into E. coli strain MGTRY, which carries the gene for a TetR-EYFP fusion protein on the chromosome. In MGTRY, expression of the TetR-EYFP fusion protein is dependent on the L-arabinose-inducible P BAD promoter. As shown in Fig Table 2 ). The position of foci in these cells was measured as a function of cell length ( Fig. 2A and B ). In cells with only one focus, the single focus was primarily in the polar region (from 0 to 0.2 fractional cell length) ( Fig. 1A and 2A) . When there were two foci per cell, 99% of the cells had one polar focus, and in ϳ66% of these cells the second focus was also polar (Fig. 1B and 2B ). In the remaining cells, the position of the second focus was variable ( Fig. 2B) , with 14% of cells having the second focus in the midcell position (Fig. 1C) .
The location of plasmid foci in MGTRY(pAS2) relative to the nucleoid was determined by visualizing cells stained with DAPI. As shown in Fig. 1A , when one polar focus was present in the cell, the focus was located outside of the nucleoid. In cells with two polar foci, both foci were located outside of the nucleoid (Fig. 1B) . In two-focus cells with one polar focus and one nonpolar focus, the nonpolar focus was in most cases located on the edge of the nucleoid or in a space between two nucleoids (Fig. 1C) . A similar positioning of foci outside the nucleoid was observed in cells with three foci (Fig. 1D and E) . In MGTRY(pAS2) cells treated with cephalexin, foci were evenly spaced at positions outside the nucleoid (Fig. 1F) . This antibiotic prevents septal cell wall synthesis, resulting in cell filamentation but not cell death during the course of the assay.
The question of whether the observed localization is actually an artifact due to aggregation of plasmid elements is always a concern when using fluorescently tagged proteins. The facts that foci were evenly spaced in cephalexin-treated cells (Fig.  1F) and that foci showed dynamic and directed movement (Fig. 3 ) (see below) argue against aggregation.
Movement of pAS2 foci. The movement of pAS2 foci in MGTRY was observed by examining cells at 15-min intervals over a 4-h time course. A polar focus was often observed to split into two foci, with subsequent movement of one of the two foci to a midcell location (Fig. 3A , 0-to 45-min time points). Occasionally the polar focus was observed to move to the midcell position without splitting (not shown). After division, the midcell focus becomes located in the polar position of one of the two daughter cells (Fig. 3A , 90-to 120-min time points). Also commonly observed were cells with two polar foci that did not duplicate prior to cell division, with each focus again lo- cated in the polar position of the daughter cells (Fig. 3B , 0-to 90-min time points). The position of pAS2 in MGTRY was not static, showing apparent movement over short distances at the polar (Fig. 3B, 45 -to 60-min time points) or midcell (Fig. 3A , 30-to 45-min time points) position. Occasionally, a single focus appeared to split into two foci, which after a period of time appeared to rejoin as a single focus (Fig. 3B, 120 -to 180-min time points). It is of course possible that rather than showing movement, the plasmid clusters observed are actually dissolved and reformed at another position. It should, however, be noted that plasmids with par systems have been shown to move along cellular tracks (29; see references 10 and 11 for reviews).
Localization of ColE1 in the presence of a second plasmid. The observed polar localization of pAS2 was not in agreement with a previous study using the ColE1-type replicon pAFS52. This derivative of pUC had been localized to quarter-cell or midcell positions in E. coli (37) . Localization of pAFS52 involved the binding of lacO repeats present on pASF52 by a LacI-green fluorescent protein fusion protein expressed from a second plasmid in the cell. This second plasmid, pGAP60 (37) , was a derivative of the expression vector pBAD33 (15) .
To determine if the difference between the polar localization of pAS2 and the quarter-cell localization of pAFS52 was due to the presence of the second replicon in the cell, we localized pAS2 in MGTRY carrying pBAD33. In this two-plasmid system, 59% of the cells had no visible focus, while the rest of the cells had either one focus (33%) or two foci (7%) (Fig. 4A and Table 2 ). Very few cells were observed to have more than three foci (Table 2) . In those cells with one pAS2 focus, there was a fairly random distribution in the location of the single focus (Fig. 2C) . Forty percent of the cells had the focus in a polar location (defined as 0 to 0.2 cell length), 32% had a quartercell location (from 0.2 to 0.4 cell length,) and 28% had a midcell location (from 0.4 to 0.5 cell length). A similar random distribution was observed in cells with two foci (Fig. 2D) . Almost all pAS2 foci, including those that had a quarter-cell or midcell location, appeared to be outside of the nucleoid stained with DAPI (Fig. 4A) .
To see if the essentially random positioning of pAS2 observed in the two-plasmid system was specific to pBAD33, we localized pAS2 in MGTRY containing the plasmid RK2. RK2 is unrelated to either ColE1 or p15A (the parent replicon of pBAD33). With the pAS2/RK2 two-plasmid system, only 4% had no foci and the majority (89%) had two or more foci ( Fig.  4B and Table 2 ). In the presence of RK2, pAS2 was again primarily in a polar location in cells with either one focus (Fig.  2E ) or two foci (Fig. 2F) .
Lastly, to duplicate the conditions used in the earlier study (37), we localized pAS2 in a strain expressing the TetR-EYFP fusion protein from pBAD33 (E. coli MG1655 carrying plasmid pCV234) and not from the chromosome. In this twoplasmid system, 47% of cells had no foci. In those cells that did have a focus, the position was random (Fig. 4C) . Thus, the effect on ColE1 positioning by a second plasmid in the cell seemed to be specific to pBAD33 and its derivative pCV234 (which express the TetR-EYFP fusion protein) and not simply due to a second replicon in the cell.
Stability of replicons in the two-plasmid system. In addition to the almost random distribution of the ColE1 replicon pAS2 in E. coli cells carrying pBAD33 was the apparent instability of pAS2 as indicated by the 59% of cells with no visible focus ( Table 2 ). To establish that the absence of a focus was in fact due to loss of pAS2, stability studies were performed using MG1655 carrying either pAS2, pAS2 and pBAD33, or pAS2 and RK2. As shown in Fig. 5A , pAS2 was stable in E. coli MG1655 and its stability was not influenced by the presence of RK2, as measured by the percentage of cells maintaining Gm resistance in the absence of selection. However, there was a significant loss of pAS2 in MG1655 carrying pBAD33. Similar results were obtained when E. coli MGTRY was the host (data not shown).
This result was surprising, as plasmids derived from ColE1 and p15A (the parent of pBAD33) have previously been reported to be compatible even though the origins of replication of these two plasmids have several regions of extensive DNA homology (3, 41) . These compatibility studies were performed in RecA Ϫ E. coli strains. Many of the experiments with localization of pAFS52 were also performed in RecA Ϫ E. coli (37) . The studies presented here, however, were carried out in the 
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RecA ϩ hosts MG1655 and MGTRY, which may account for the discrepancy. To examine this possibility, the stability of pAS2 was measured, in the presence or absence of pBAD33, in the RecA Ϫ E. coli strain DH5. The results were that pAS2 was unstable during the 48 h of the assay if pBAD33 was present and selected for in the host (ϳ42% loss of Gm resistance after 48 h), while no loss of pAS2 was observed if pBAD33 was not present (data not shown). These results suggest a replication incompatibility between pAS2 and pBAD33.
Effect of par genes on positioning of ColE1 foci. The lowcopy-number plasmids P1, F, and R27 are located at quarteror midcell positions in E. coli. Deletion or inactivation of the partitioning regions from these plasmids not only reduces or eliminates their segregational stability, it also results in mislocalization (F [33] and P1 [8] ) or in random distribution of plasmid foci throughout the cell (R27 [24] ). Conversely, minioriC plasmids localize to the cell poles; however, the addition of the partitioning system of the F plasmid, sopABC, will result in localization of mini-oriC to the quarter-cell positions (34) .
Even though ColE1 is extremely stable despite the absence of any known partitioning function (43), we wanted to determine if a heterologous par system would influence its cellular location. The F plasmid sopABC genes were inserted into pAS2, generating pAS4. To test for functionality of the inserted genes, we first determined their ability to stabilize the plasmid.
As shown above, even though pAS2 alone is stably maintained in E. coli, introduction of pBAD33 into the cell results in pAS2 instability (Fig. 5A) and mislocalization (Fig. 2) . The addition of F par to pAS2 (plasmid pAS4) improved plasmid stability in MG1655 in the presence of pBAD33 (compare pAS4 with pBAD33 in Fig. 5B to pAS2 with pBAD33 in Fig.  5A ). This suggested that the heterologous partitioning system was functional.
We then examined the cellular location of pAS4 in MGTRY. As shown in Fig. 6 , multiple foci of pAS4 were detected throughout the nucleoid. This repositioning did not result in destabilization (Fig. 5B) but did result in an increase in the number of plasmid foci. To see if these effects on ColE1-tetO were specific to the F par system or if another partitioning system would also affect plasmid positioning, the O B1 incC korB partition system of plasmid RK2 was introduced into pAS2, yielding pAS6. Once again there was a random distribution and partial declustering, of plasmid pAS6 molecules in MGTRY (Fig. 6) . However, pAS6 did not have improved stability relative to pAS2 in the presence of pBAD33 (compare Fig. 5C with 5A ), though it was stable when present in the cell alone (Fig. 5C ). To determine if the increase in the number of foci observed in MGTRY cells carrying pAS4 or pAS6 relative to the number of foci in MGTRY(pSY2) was due to an actual increase in plasmid copy number, the relative copy numbers of the ColE1 derivatives were estimated as described previously (50) . The average relative copy numbers of pAS4 and pAS6 were found to be less than that of pAS2 by 4% and 15%, respectively. Therefore the increased number of foci was not due to any increase in the number of plasmid molecules per cell but is most likely due to partial declustering.
DISCUSSION
ColE1-tetO exhibited specific localization in E. coli cells, with a cluster of plasmid molecules present in one or both of the cell poles (Fig. 1) . The polar location of ColE1-tetO was not fixed; a polar focus was often observed to split into two foci, with subsequent movement of one of the two foci to a midcell location (Fig. 3) . The midcell focus was located outside the nucleoid or between two nucleoids in longer cells, a position that upon cell division would become a new cell pole. The majority of cells had two foci, though a significant number of smaller cells had only one focus (Table 2 and Fig. 2) .
Consistent with these localization results for ColE1-tetO are the results from earlier studies utilizing minicell-producing strains of E. coli. In minicell mutants of E. coli there is aberrant placement of the cell septum near a cell pole. The resulting asymmetric cell division gives rise to one daughter, the minicell, containing no chromosomal DNA but, depending on the replicon, possibly containing plasmid DNA. In these previous studies, ColE1 was found to segregate into and replicate in E. coli minicells (17) . Derivatives of the F plasmid were not found in minicells (16) , though copy-up or par Ϫ derivatives of F were found in minicells (16) . It has now been shown that derivatives of F containing the F partition region, sopABC, localize at quarter-or midcell positions in E. coli (13, 33) while par Ϫ mutants are distributed randomly in the cell, including the polar region. Plasmid R100 (related to R1, which is located in the cell pole [18] ) and a derivative of pBR322 (a ColE1-based replicon) were also found in minicells by DAPI staining, but plasmids P1Cm (which is found at quarter-or midcell positions [13] ) and FЈlac were not (7) . That study noted not only the polar localization of the pBR322 derivative but also that the number of DAPI-labeled foci observed was significantly lower than the estimated plasmid copy number (7) .
Attempts were also made to localize pAS2 in E. coli by using FISH. Fluorescent foci were observed in the polar region; however, they were very large and indistinct. The inability to obtain clear results using FISH may be because the small size of ColE1 makes fixation of the plasmid in the cell difficult.
The polar localization of ColE1-tetO reported here was in contrast to the midcell or quarter-cell localization previously reported for pAFS52, a high-copy-number ColE1-based plasmid (37) . Localization of pAFS52 was carried out in the presence of a second plasmid, pGAP60, a derivative of pBAD33, which carried the gene for the fluorescent fusion protein. The introduction of pBAD33 into a cell carrying the ColE1 derivative pAS2 resulted in the movement of pAS2 clusters out of the cell pole to essentially random positions outside the nucleoid (Fig. 2) . The presence of pBAD33 also resulted in a considerable decrease in the stability of pAS2 (Fig. 5) .
The instability of pAS2 was specific to pBAD33 and not just due to a second replicon in the cell (Fig. 5) . The cause of the instability is not obvious. Pogliano et al. (37) reported observing a significant loss of pAFS52 during growth that they attributed to the clustering of the plasmid. The results presented here suggest that it is due not to clustering but rather to an incompatibility between ColE1 and derivatives of pBAD33, since instability was not observed in the presence of RK2. Previous studies have reported that plasmids derived from ColE1 and p15A (the parent of pBAD33) are compatible in RecA Ϫ E. coli (3, 41) . However, ColE1 and p15A do share significant regions of DNA homology, and it is possible that the incompatibility observed in this study is expressed only in RecA ϩ hosts such as MGTRY. Though it is possible that a contributing factor to ColE1 instability in the presence of pBAD33 is the colocalization of the two plasmids at the cell pole (unpublished observations), this is unlikely because for other plasmid pairs that have been examined (e.g., ColE1 and pACYC184 [unpublished observations]), colocalization at the cell pole does not result in instability or in displacement of a plasmid from its normal cellular location.
Naturally occurring low-copy-number plasmids typically have an active partitioning mechanism to ensure efficient distribution of plasmid molecules to each daughter cell at the time of cell division. ColE1, an intermediate-copy-number plasmid, has not been found to encode an active partitioning system. The stability of ColE1 has been shown to be dependent on a very efficient multimer resolution system, which ensures that the plasmid exists as monomeric units inside the cell (42) . The addition of F par to ColE1-tetO (plasmid pAS4) increased ColE1 plasmid stability in the presence of pBAD33 (Fig. 5) . The addition of RK2 par (plasmid pAS6) did not lead to an increase in stability in the presence of pBAD33 (Fig. 5) . However, the RK2 par region used, O B1 incC korB, contained only one of three KorB binding sites present in RK2 par, and this site, O B1 , had previously been shown not to be as effective as O B3 in stabilizing RK2 derivatives (39, 48) .
Interestingly, in cells containing only the ColE1-derived plasmid (i.e., without pBAD33), the presence of either the F or the RK2 par region on the ColE1 replicon resulted in the movement of the ColE1 replicon from the cell pole to within the nucleoid region (Fig. 6 ). This repositioning of the ColE1 derivative did not result in destabilization (Fig. 5) but did result in an increase in the number of plasmid foci observed in the cell. These results are consistent with the importance of par regions to the localization of plasmids to specific regions of the cell. Aberrant localization has previously been observed for derivatives of plasmids F (33), P1 (8), R27 (24) , and R1 (18) in which the par region has been deleted or inactivated. In these cases, plasmid foci are distributed throughout the cell, though outside the nucleoid (8, 18, 33) , and the plasmid is not stably maintained. However, in these cases, the repositioning of foci does not result in partial declustering as found for ColE1.
The analysis of the ColE1 plasmid pAS2 presented in this study shows that an intermediate-copy-number plasmid can be found in E. coli as clusters targeted to the cell pole despite the absence of a plasmid-specified replication initiation protein.
While plasmid initiation proteins may play a role in clustering through their binding to the plasmid origin of replication for those plasmids that do encode an initiation protein, that clearly is not a factor in clustering and localization in the ColE1 plasmids. For plasmids such as ColE1, the pole may simply be the default position. Alternatively, there may be host-encoded factors that are responsible for targeting.
The cellular location of the machinery for ColE1 replication is not known. A midcell location for the initiation of chromosomal DNA replication in E. coli has been proposed (1, 23).
The time-lapse studies showed movement of some ColE1 clusters to the midcell position, and it is possible that movement of the plasmid cluster to the region of the midcell is a requirement for replication. If that is the case, it raises the question of the nature of the cellular and ColE1 plasmid elements responsible for this movement and repositioning of plasmid clusters. This is of particular interest since ColE1 has not been shown to encode a partition system similar to the ones shown to be responsible for movement of either R1 (30) or F (29) .
It is not clear whether the polar position of ColE1 is a default position or whether there are plasmid sequences and host factors that target this plasmid to the poles. A polar location has been demonstrated for plasmid R1 in E. coli (31) and several naturally occurring plasmids of Agrobacterium tumefaciens and Sinorhizobium meliloti (20) . In addition, a cell pole location has been shown for the chromosomal origins of replication of E. coli (12, 32) , Bacillus subtilis (26) , and Caulobacter crescentus (19) . In E. coli, a 25-bp sequence within the origin was identified as playing a role in the bipolar migration of a newly replicated oriC region (49) . However, virtually nothing is known about the cellular components that may interact with plasmid or oriC nucleotide sequences for targeting to the polar position. In addition to the localization of the replication machinery at the midcell position in B. subtilis (25) and E. coli (21) , subunits of the E. coli (35) and C. crescentus (46) replisome have been shown to be present at the poles. Thus, the replication complex conceivably may be playing a role in polar positioning. It is clear that the identification of macromolecular structures at the cell poles that play an essential role in fixing the chromosomal origin of replication and plasmids, such as ColE1, to this region of the cell is critical to understanding the targeting of replicating elements in bacteria.
